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To many, reducing water losses is seen as key to more sustainable water management. The arguments to reduce water losses are compelling, but reducing water losses has turned out to be challenging. This paper applies a panel data analysis with fixed effects to determine the major drivers of non-revenue water, which is define as the volume of water losses per kilometer of network per day. The analysis uses data from the International Benchmarking Network for Water and Sanitation Utilities, covering utilities in 68 countries between 2006 and 2011. The analysis finds that non-revenue water is driven by many factors. Some of the most important drivers are beyond the control of the utility, such as population density per kilometer of network, the type of distribution network, and the length of the network, which are largely the result of urbanization and settlement patterns in the localities that the utility serves. The opportunity costs of water losses are also key in explaining what drives non-revenue water. The paper finds that very low opportunity costs of water losses have an adverse effect on the reduction of non-revenue water. Country fixed effects turn out to be important, meaning that the environment in which the utility operates has an important impact on non-revenue water levels. An important conclusion is that the design of non-revenue water reduction programs should study the main drivers of non-revenue water to provide utility managers with a better understanding of what can be achieved in terms of non-revenue water reduction and whether the benefits of these reductions exceed their costs.
Introduction
Water is becoming increasingly scarce. Rapid population growth, income growth and urbanization in combination with a fixed supply of total renewable water resources will further accelerate the decline in available per capita renewable water resources, and increase the gap between supply and demand. Climate change is likely to make the challenge even more daunting, as it will increase the variability of water supplies with the effect that traditional water sources become less reliably available. At the same time, climate extremes are likely to increase, which may increase the likelihood of water related disasters reflected in more frequent floods and droughts.
To make the most of water scarcity, the sector will have to improve the way it uses its available water resources significantly so that it can deal with the challenges ahead. In the municipal sector, water productivity is less than optimal as the difference between water put into the distribution system and the amount of water billed to consumers (i.e., "non-revenue water") tends to be large. High levels of non-revenue water (NRW) reflect huge volumes of water being lost through leaks and drinking water not being invoiced to customers, or a combination of both. Kingdom et al. (2008) mention that the total cost to water utilities caused by NRW worldwide can be conservatively estimated at $141 billion per year. McKinsey (2011) includes municipal leakage as an important instrument to reduce the gap between supply of and demand for water.
NRW reduction programs are a standard recommendation in virtually any policy paper or report that focuses on improving the sustainable use of water resources (for instance European Community (2006) , UNWater (2012) and McKinsey (2013) ). The cited benefits associated with a reduction in NRW are manifold as this will boost the utility's revenues as the volume of water that can be billed can increase, whereas a reduction in water losses will postpone investments.
This will increase the profitability of the utility that will allow it to reinvest its earnings and improve the quality of service delivery. Frauendorfer and Liemberger (2010) note that utility owners need to be made sufficiently aware that they are "sitting on a goldmine" and that utility owners will need to incentivize their staff by informing them about the level, causes and cost of NRW, along with the potential for improvement so that comprehensive NRW management can be supported.
Hence, if the reasons for reducing NRW are so compelling and so much money can be saved and significant volumes of water can be used for more productive purposes, then why has it turned out to be so difficult to reduce NRW? The present paper looks into understanding the reasons why NRW is so difficult to reduce. The literature on what is driving NRW is limited in size. Most literature on NRW is focused on the practicalities of how to reduce NRW such as IWA (2006) and Liemberger et al. (2010) . There is some literature on determining the optimal level of NRW (Wyatt, 2010) , while the issue has been a focus of research in Spain (Saez-Fernandez et al., 2011; Gonzalez-Gomez et al., 2011) . Reducing NRW has obviously many benefits, but may also require investments in some form or another to increase billing efficiency, introduce or expand water metering or implement the physical improvements to the water infrastructure in the form of among others replacement or rehabilitation of the distribution networks.
This paper is organized as follows. In Section 2 we undertake a literature review. In Section 3 we define what NRW is, how it is measured and we look at the trends that are occurring in NRW, 
Literature Review
There are many articles published on NRW reduction, but they tend to be mostly practical guidelines as to how to reduce NRW (Farley and Trow, 2003; IWA Water Loss Task Force, 2003; and AWWA, 2006) focusing on the processes required to design and implement an NRW losses strategy. They are often focused on reducing NRW in developed countries. We also found success stories of reducing water losses in for instance Phnom Penh, Cambodia (Biswas, 2009) 2 IBNET is being developed by the World Bank with the objective to provide comparative international benchmark performance information that can inform utilities and policymakers on how to improve service delivery (for more information, see www.ib-net.org)
.
and Singapore (Luan, 2010) . There is also some literature on how to determine the economically optimal level of water losses reduction (Wyatt, 2011) . As for what drives NRW, the literature is rather scant -even in developed countries. This is an interesting finding, as one would assume that one would like to know more accurately what drives NRW to determine the best way forward in reducing water losses. This may reflect the rather engineering focus on reducing water losses.
Overall, the existing studies provide different explanations as to what impacts NRW. Skipworth et al. (1999) show in a study in England, that a large number of mostly technical and environmental factors affect municipal leakage rates. These factors include the age of the systems, the length and type of networks, pressure in the systems, climate, soil conditions, traffic loading, and density of connections. These authors also mention that topography can explain regional differences in water losses between utilities. Farley and Liemberger (2005) note the importance of physical factors, but these authors also put a lot of emphasis on management factors. Poor (management) practices, poor materials and infrastructure, local and political influences and social, cultural and financial factors are identified as factors driving the levels of NRW. They do not get into detail in how far these factors drive NRW and how this affects the design and implementation of water loss strategies. In a study by Gonzalez et al. (2011) on why NRW is so high in developing countries, the authors conclude that the lack of incentives is the main reason for differences in water losses between utilities. Water utilities normally have few incentives to undertake the necessary actions in order to reduce NRW, because they lack the income to pay for the cost associated with a reduction of water losses, while corruption and a lack of knowledge of users about the levels of NRW and the associated costs to users and taxpayers further add to the lack of interest to plug water leaks. In a follow-up study for Spain, using data from 133 municipalities, Gonzalez-Gomez et al. (2012) conclude that NRW measured as percentage of system input volumes is driven by not only physical and management indicators but also the environment in which the utility is located. In their study, the management quality of the utility is captured by indicators like tariff structure, indebtedness of the utility and different forms of management (private sector management and outsourcing of management). In their model, 
Overview of Non-Revenue Water

Definition of NRW
Non-revenue water is the difference between the volume of water put into a water distribution system and the volume that is billed to customers. NRW comprises three components:
• Physical losses comprise leakage from all parts of the distribution system and overflows at the utility's storage tanks. They can be caused by poor operations and maintenance, the lack of active leakage control, and poor quality of underground assets;
• Commercial losses are caused by customer meter under-registration, data-handling errors, and theft of water in various forms;
• Unbilled authorized consumption includes water used by the utility for operational purposes, water used for firefighting, and water provided for free to certain consumer groups. Yet, collecting pressure data for a utility is complicated as pressure can vary widely within the piped water system and hence is useful as an indicator when improving the system's overall performance but cannot be easily used as an indicator to review network losses between utilities as averaging such an indicator for a utility may not provide very meaningful data except to reflect that there is an underlying problem that needs to be addressed. Hence, in this paper we will focus on the remaining indicators that are being used to measure water losses: water losses per main length and water losses per connection.
Measurement of NRW
Size of NRW
The empirical analysis is conducted using a unique database of water utilities, namely the (Table 1) , while the standard deviation remains high.
Insert Table 1 (Table 2 ). In 2010, the best performing quartile of utilities had a median NRW in cubic meters per km of 5 or less. The worst performing quartile of utilities were those where this median indicator was 35 or higher.
Insert Table 2: Non-Revenue Water (in cubic meters per km per day)
The different NRW indicators are not necessarily very strongly correlated. So it can happen that a utility is showing excellent performance in one NRW indicator but is showing a much lesser performance when measured in another NRW indicator. An example is Singapore's Public Utilities Board whose NRW was only 4 percent of system input in 2007, which is an excellent
performance. Yet, when using NRW per km per day, Singapore's performance is good, but less than excellent -with a loss of about 10 cubic meters per day in the same year -below that of the best performing quartile of utilities (and significantly above the median value for NRW in utilities in high-income countries). The opposite also happens with utilities that show high NRW as measured in for instance percentage of water produced, but where the losses look much less dramatic when using a different loss indicator. Hence, it is important -recommended by IWAthat one not only looks at one NRW indicator as this may give only partial information about the actual performance of a utility. It also supports the conclusion that too much focus on a certain indicator may be at times misleading (Liemberger, 2002) .
In Table 3 we present descriptive statistics for utilities with low NRW per cubic meter per day (the best quartile of the sample that on average is about 10 cubic meter per kilometer per day), and those that register high levels of NRW (more than 35 cubic meter per day). Mean comparison tests show that utilities that have low levels of water losses tend to occur in utilities that are smaller in terms of people served, kilometers of network, and towns served. As can be seen in Table 3 , bandsize that measures the number of people served by the utilities tend to be lower and the effect is quite significantly (t-value is 28.19). The average network length in utilities with lower water losses is 610 kilometers compared to 1,110 kilometers in utilities that are characterized by higher water losses. In the case of utilities with lower water losses, 81 percent of the better performing utilities serve only one utility compared to 71 percent for the utilities with higher water losses. On average, utilities with higher water losses tend to serve more municipalities (11.40) than those utilities that face lower water losses (8.65). Utilities with low water losses are also faced with lower population densities (i.e., the number of people served per kilometer of water supply network). The average number of people served per kilometer of network is 176 in utilities with low water losses compared to 416 in utilities with high water losses. The population density is made up of two components: connection density and population per connection. The first indicator, the number of connections per kilometer of pipe is essentially a physical factor that is determined by urbanization rates and building patterns. In Singapore, which was mentioned earlier, the number of connections per kilometer of network tends to be very high. The number of people per connection tends to be linked to economic development and urbanization. The higher the level of economic development is, the lower the number of people per connection. The median number of people per connection is more than 9 in low-income countries and less than 3 in high income countries. Pipe breaks which can act as a proxy for age and quality of maintenance are also significantly lower in utilities with lower water losses.
Moreover, utilities with lower water losses are less likely to provide both water and wastewater services. The economies of scope associated with delivering both services (Nauges and van den Berg, 2008) tend to also result in more complexity and higher water losses.
Insert Table 3: Non-Revenue Water -Descriptive Statistics for NRW
One interesting feature is that water production per capita in utilities with low water losses is significantly lower than that of utilities with high water losses. In better performing utilities, water production stands at 206 liter per capita per day (lcd) compared to 282 lcd in utilities with higher water losses. This effect is not mirrored in consumption patterns that are not significantly different between utilities with high and low water losses. It is possible that water production reflects actual capacity and that the higher the production capacity, the higher the likelihood of water losses. However, as IBNET does not collect data on water production capacity, we are not able to verify this effect. If utilities are able to provide similar levels of consumption to its customers independent of the size of their water losses, tighter design standards may help to control water losses.
We also looked into a set of indicators that may reflect the management quality of the utility. The staff productivity index which measures the number of staff in the utility per 1,000 people served is higher in utilities with lower water losses. This may be linked to the fact that these utilities tend to be smaller in size and hence do not benefit as much from economies of scale than larger utilities do. The total annual revenues per capita (USD) tend to be significantly higher in utilities with low water losses. This reflects that water is a more valuable commodity in utilities with low water losses. Whether a utility is financially able to cover its basic operation and maintenance costs (as measured by operating cost coverage) -which reflects a higher quality of financial utility management -is 1.24 in utilities with low water losses compared to 1.20 in utilities with high water losses. The difference is very small, but statistically significant. Yet, it is not clear whether the higher operating cost coverage is a result of the lower water losses or that a better financial performance enables utilities to deal more effectively with water losses.
It is often assumed that metering is a prerequisite for reducing NRW. Table 3 shows that utilities with higher water losses tend to have lower levels of water metering than those that show lower water losses. The difference is statistically significant, but it also shows that the difference in levels of water metering is rather small in size. The effect of universal metering tends to be more significant. More than half the utilities with low water losses tend to be fully metered compared to about one-third of the utilities with high water losses. It is also noted that duration of supply is slightly higher in utilities with low water losses. Gonzalez-Gomez et al. (2012) mentioned the presence of private sector participation as a factor in explaining water losses. In utilities with low water losses, the presence of some form of private sector participation is slightly below that of utilities with higher water losses.
Insert Table 4 : NRW as measured in cubic meters per kilometer per day by Income Status
Finally, the GDP per capita in utilities with lower water losses is almost double that of GDP per capita in utilities with high water losses. Utilities with lower water losses tend to be more likely to be located in countries where corruption levels are lower. Corruption is likely to have a significant effect on water losses as it tends to impact the investment quality of the infrastructure built, but also affect the operation and maintenance of these systems through lack of proper maintenance, inadequate procurement processes and inappropriate billing practices as outlined by Transparency International (2008). As can be seen in Table 4 , water losses show a particular pattern in which it is high in low-income countries, increases further in lower-middle income countries and then decreases once countries hit the upper middle-income status and it declines even more when countries gain high income status. The differences within the four country categories tend to be large, and hence local factors play an important role.
Specification of NRW loss models
Following the still limited literature on the drivers of water losses, we will specify the water loss function as
This relationship describes the relationship between non-revenue water as measured by water losses (L) on the one hand, and a vector of physical characteristics of the water infrastructure (P), a vector of management characteristics of the utility (M) and a vector of environmental factors (E) that characterize the environment in which the utility is located. As we depend on panel data, that covers the period between 2006 and 2011 and includes utilities from a subset of countries, we include the country effects (e) and an error term (u). Each country has its own characteristics that may influence the water losses. These country effects may refer to among others institutional settings, legal and regulatory framework, environmental, public health and building standards and levels of corruption.
Before including the variables in the above specified model, we first corrected for correlation between variables. Many of the variables are correlated. For instance, low corruption levels and GDP per capita tend to correlate: the higher the GDP per capita, the lower corruption levels.
These correlations do not stop there, as utilities evolve so does the performance of utilities.
Tariffs tend to be correlated with GNI -the higher the income, the higher tariffs tend to be, and wage rates. Or similarly, the cost of service is correlated to the cost of labor and staff productivity, which tend to increase with GDP.
The estimation of the single loss reduction function provides insight on variables driving water losses. We will specify the water losses and its explaining variables in natural logarithm terms, so that the coefficients will measure the elasticity of water losses, i.e., by how much water losses will change if the values of the different drivers will change to determine the importance of the different drivers.
We will use non-revenue water in cubic meter per kilometer per day as the explaining variable.
The reason for selecting this specific indicator is mainly that it is a more objective indicator than NRW per connection. What constitutes a connection is rather differently defined by country. In Latin America, for instance, the number of people per connection tends to be low and linked to household size. In other parts of the world, the number of people per connection tends to be much higher as households share connections with neighbors as is the case in Africa. In Eastern Europe and Central Asia, buildings are usually outfitted with a water connection and hence the number of people can be very large in the case of apartment buildings.
Our first hypothesis is that physical characteristics of the water systems affect the level of water losses. The factors included in the model are the density of water connections (per kilometer of network as measured by LN_CONNDENS). It is assumed that the higher the density of water connections, the higher the water losses will be. A denser network tends to be linked with more pressure required in the system to reach the higher floors of buildings. Pressure is probably the most important factor which influences the level of leakage in distribution systems (Skipworth et al., 1999) . As a result of the higher pressure, a very dense network of connections is likely to require more maintenance to preserve the network. High connection density also may increase the complexity of managing the service. Connection density and its management falls mostly outside of the control of utility management as it is shaped by urbanization and land settlement patterns of the localities that are served by the utility. In the IBNET sample, small systems mostly located in small towns showed a mean density of water connections of 55 compared to 134 in utilities in large systems, while the variance between utilities can differ widely.
The length of the water network (LN_LENGTHWAT) is another physical characteristic of the water system. The length of the network should be positively related to water losses, as a larger network is more costly to maintain in order to preserve the functioning of the water network. A larger network will often also transport water over larger distances and hence has to deal with higher costs.
The share of energy costs as part of total operation and maintenance costs (LN_ENERGY_SHARE) is used as a proxy for the type of adduction of the distribution system.
The more pumping a system needs the higher the share of energy in the total costs will be. We assume that the more pumping is needed in a system, the higher the likelihood that water losses are higher.
The presence of a dummy variable measuring universal water coverage (WATCOVDUMMY) is used to explain the physical characteristics of the water losses. It is assumed that universal coverage has a negative effect on water losses. Universal coverage has a positive effect on using more of the existing production capacity. Water systems tend to be designed with a horizon of several decades in mind and hence tend to have significant excess capacity in less mature water systems; the level of excess capacity will depend on the water supply design standards applied in the country. Hence, once access to water supply services improves (in terms of people and consumption), and with capacity mostly fixed, excess capacity tends to decline over time. It should therefore not come as a surprise that in mature, developed systems water losses should be relatively lower, whereas systems that have been built more recently and hence have significant excess capacity are likely to have relatively higher water losses as managing a system with large overcapacity tends to be complicated.
We also included a dummy for sewerage coverage. In general, utilities follow a pattern in which they first tend to provide water supply services to be followed by access to sewer services. In first instance, wastewater is collected. Afterwards, it will be treated to increasingly exacting standards. These increasing higher levels of sewer services tend to be linked to economic development. It is assumed that access to sewer services tend to complicate utility management as it increases the scope of services. The more complex the services are that are provided by the utility, the higher water losses will tend to be.
The second hypothesis is that utility management quality affects water losses. It is assumed that the better the quality of utility management, the lower water losses. The first variable that reflects management quality is the level of staff productivity (the number of staff per 1,000 people served as measured by LN_STAFFPROD). We assume that the higher the number of people of staff per 1,000 people served, or the lower the staff productivity, the higher the water losses.
Metering is often seen as key to reducing commercial water losses. Metering increases customer metering accuracy, improve meter reading and billing and assist in the detection of illegal water connections and water theft. We introduce a dummy for the presence of universal metering (FULLMETER). The assumption is that utilities with universal metering will show lower water losses than those that have not yet achieved that level of metering.
A third variable is the total revenues per capita per year (in US dollars) (LN_TOTREVPCAPUSD). The relationship is between the total revenues per capita per year (the result of household consumption volumes and tariffs charged) and NRW is more ambiguous.
It is possible that high total revenues per capita per year result in more financial ability of the utility to pay for reduction in water losses. Yet, high total revenues per capita per year may also provide the utility with sufficient financial ability to deal with the water losses and hence not provide utilities with an incentive to reduce them. As total revenues per capita are useful to determine whether utilities have some financial ability, the actual available financial space is determined by the difference between revenues and costs. It is quite well possible that the total revenues per capita are very high but so are the costs per capita and hence the margin available to deal with water losses are limited. We hence included a dummy variable (OCCRDUMMY) that measures a positive or negative difference between total revenues and total operation and maintenance costs 4 per capita per year. We expect this variable to be showing an inverse relationship with water losses. When total revenues exceed total operation and maintenance cost will result in more financial ability and hence lower water losses and vice versa.
Finally, we include a variable that according to Garcia and Thomas (2001) reflects the opportunity cost of water losses as measured by the cost of increasing production reflected in higher energy costs (in most systems resource cost of drinking water are negligible). These authors point out, that reductions in NRW are constrained by high repair costs. In their paper they note that utilities have two options when they both produce and distribute water -which is the case in most utilities. The first option is to keep production constant while reducing NRW through more frequent repair and maintenance. The second option is to increase production while keeping the water network rate of return constant. In case the labor and maintenance cost involved in repair and maintenance is higher than the cost associated with increased production (energy and resource costs), the second option will be the preferred one. When using the IBNET sample, we find that the cost of repair is significantly higher than that of energy costs in most utilities. We assume that the higher the opportunity cost of water losses (LN_WATERLOSS), the lower water losses will be. This variable is somewhat similar to that used of Saez-Fernandez et al. (2011) and the opportunity cost of water losses.
The last hypothesis states that the "environment" in which the utility operates affects the level of water losses. We do not have much access to environmental data at the utility level. Data on GNI or corruption are only available at the national level and hence captured in the fixed effects of the model. Yet, we include two "environmental" variables based on the data available. The first variable is the wage rate per employee in USD as a proxy for GNI at utility level as reflected in
LN_WAGERATE.
Another variable we use is the population served per connection (LN_POP_CONN). In general, the population per connection differs widely by region and is linked to urbanization and utilities' connection policies. In Africa, for instance, population per connection is very high due to the high cost of connection and the accepted practice of sharing connections. In Eastern Europe and Central Asia, it is still rather commonplace that apartments building are outfitted with only one connection instead of individual household connectionsalthough this pattern is changing. In Latin America and the Caribbean, the number of population per connection is mostly linked to household size. It is assumed that the relationship between population served per connection and water losses is positive as more people served per connection essentially increases the stress on the water system.
Estimation Results
The analysis was conducted using cross-sectional data from utilities covering 69 countries. This sample is smaller than the available sample, as we cleaned the data set for outliers taken out the 1 percent at either tail of the distribution. Given the nature of the dependent variable, we used a model with fixed effects in which the water losses as measured by LN_NRW_KM and controlled for heteroskedasticity. Table 5 shows the results of the panel data regression with fixed effects.
Estimated coefficients are almost all significant and have the expected sign as can be seen in Table 5 . It also shows that the fixed effects variable captured by the country effects is very significant. The overall fit of the model is satisfactory, with a R square adjusted of 0.61. The errors in the model are not correlated with the regressors in the fixed effects model. About 40 percent of the variance in the model is due to differences across panels (or countries), showing that the characteristics of the country have a major effect on water losses -and hence the environment in which the utility operates plays key role in explaining water losses.
Insert Table 5: Estimation Results of Fixed Effects Model
We found that the higher the number of connections per kilometer of network, the higher the water losses as a denser network tends to be linked with more pressure required in the system. As a result of the higher pressure, a very dense network of connections is likely to require more maintenance to preserve the network. The effect of this variable is very significant, with a t-value of more than 38. The coefficient is also large showing that a 10 percent increase in connection density increases the water losses by more than 12 percent.
Population per connection is also a highly significant variable. The higher the number of people served per connection, the higher water losses will be. More people using the same connection will put more pressure on the system. The coefficient of this variable is large -a 10 percent increase in people per connection increases the water losses by 12 percent.
LN_LENGTHWAT is also positively related with water losses. A larger water supply network results in higher water losses. An increase in the network with 10 percent results in a 1.1 percent increase in water losses. An increase in LN_ENERGY_SHARE is resulting in higher water losses. The effect is very significant; a 10 percent increase in the energy share, results in a 11 percent increase in warer losses. NRW is lower in a mature water supply network with universal access to its customers (measured by WATCOVDUMMY) but the effect is small.
SEWCOV_DUMMY's effect is positive and significant.
We now turn to the role of managerial factors in explaining water losses. LN_STAFFPROD turns out to be a significant variable. The higher the number of staff per 1,000 people served (or the lower the staff productivity) is, the higher water losses will be: an increase of 10 percent in staff productivity will result in an almost 4 percent decline in water losses. Total revenues per capita per year (in US dollars) (LN_TOTREVPCAPUSD) has a positive relationship with water losses: the higher the total annual revenues per capita are the higher the water losses; an increase in the utilities' revenue base of 10 percent, increases water losses by almost 7 percent. The higher total revenues per capita per year will provide the utility with sufficient financial ability to deal with the water losses and hence does not provide utilities with incentives to reduce them. The OCCRDUMMY which measures either a positive or negative value of the difference between total revenues and total operation and maintenance costs per capita per year shows a negative relationship as an operating cost coverage ratio that covers more than operation and maintenance costs results in lower water losses. Switching from a negative to a positive operating cost coverage margin has a significant impact on water loss reduction. Utilities with universal metering have lower water losses than those that do not. Universal metering results in lower water losses. Finally, the opportunity cost of water losses as measured by the energy cost of the service (as measured by LN_WATERLOSS) are negatively related to water losses. An increase in the opportunity cost of water losses (i.e., energy cost of water) results in lower water losses: a 10 percent increase in the opportunity cost of water losses results in an almost 11 percent decline in water losses.
LN_WAGE_RATE as measured at the utility level shows that the relationship with water losses is positive. The higher the wage rate at utility level, the higher water losses will be. This is as expected as higher wage rates are likely to be linked with higher repair and maintenance costs that are associated with water loss reduction.
Concluding Remarks
Many authors mention the large benefits that reduction of water losses will generate (Kingdom et al., 2006; Frauendorfer and Liemberger, 2010; McKinsey, 2013) . Nevertheless in the past six years, improvements in reducing water losses have been limited looking at the different indicators that are being used to measure water losses. So the question arises why utilities are making only limited progress in reducing water losses. The main empirical finding of this paper is that the key drivers of water losses (using a large sample of utilities located in 68 countries) are for a large part outside the control of the utilities. Connection density, population served per connection and the size of the water supply network are important drivers of NRW and are mainly the results of urbanization and land settlement patterns. The type of distribution networks (pumped or gravity as proxied by the share of energy costs in total operation and maintenance costs) is determined by geography. In utilities located in highly urbanized and dense settlements (especially those where water distribution depends on pumping water), NRW will be higher. Urbanization is accelerating in many parts of the world; between 1990 and 2012, the urban population increased from 2.3 to 3.7 billion people. Most rapid urbanization is taking place in low-and middle-income countries.
In the IBNET database, the typical utility already has a density of about 66 connections per kilometer of network (compared to only 31 for the utilities in high-income countries). In addition, in many countries the actual connection density can be much higher than that what the typical utility faces. In Singapore, for instance, the connection density was no less than 240 connections per kilometer of network. The trend of higher connection density is partially neutralized by what is a decrease in population per connections once economic development takes off. In many utilities in low-income countries, the typical number of people per connection is high, but that tends to decrease over time driven by economic development and urbanization. A typical utility in a low income country served more than 9 people per connection, but that drops to less than 3 once a country moves to high-income status. The size and scope of the system which is mostly effected by government policies and urbanization policies is equally mostly beyond the control of utilities as larger systems tend to generate higher water losses. Moreover, wage rate levels affect water losses. This is mainly because as mentioned earlier by Garcia and Thomas (2001) the cost of reducing water losses shows up mainly in the form of labor and maintenance costs needed to repair the network to reduce losses. The higher the costs of labor are, the higher the cost of repairing water losses, and hence the less incentives for utilities to reduce water losses.
Finally, the opportunity cost of water losses 5 also plays an important role. Careful planning of water and wastewater services upfront may help to alleviate some of the above-mentioned
pressures.
Yet, even though some of the key drivers of NRW are beyond the control of utilities, utilities have room to manoeuver in reducing water losses through improving the efficiency with which they operate their water supply systems, and the opportunity cost of water losses 6 . Staff productivity as measured by the number of staff per 1,000 people served (the higher the number of staff per people served, the lower the staff productivity) is directly linked to water losses through the labor 5 In our sample we find that the best performing utilities in terms of NRW have significantly higher opportunity cost for water losses than poor performing utilities. The utility of Phnom Penh, Cambodia (Biswas and Tortajada, 2005 ) has a rather uncommon cost structure where the opportunity costs for water losses are relatively high. 6 In principle, utilities can manage their energy costs, but the costs of water resources and energy prices are beyond the control of utilities. Moreover, energy costs are also driven by amongst others the outlay of the water supply network (pumping in the network drives energy costs), the location of the water source and topography.
costs needed to repair and maintain the water supply network. Utilities that at least cover their operation and maintenance expenses through revenues face lower levels of NRW. Metering has an impact on water losses, but gradually increasing the number of metered connections tends to have a very limited effect on water losses. Yet, once a utility has achieved universal metering, the effects of metering become evident and will dampen water losses.
A third conclusion is that country effects in the model are very important with almost 40 percent of the variance due to differences across panels (i.e., countries). Hence, the national environment in which a utility operates has a major effect on its effectiveness in controlling water losses.
Country effects relate to labor and energy policies, urbanization and land settlement and engineering design standards and norms among others.
A final conclusion is the sometimes paradoxical nature of improving water utility performance and the impact of these improvements on water losses. Water loss reduction is seen as a key ingredient to improving utility performance, but the analysis shows that often proposed tools of utility performance and water loss reduction do not always go hand in hand. For instance, energy efficiency programs can improve the utility's bottom line, but a more energy efficient utility will reduce the opportunity cost of water losses and hence may increase water losses. Similarly, increasing total revenues per capita per year will help to improve the financial viability of the utility, but will also provide more financial buffer to deal with water losses, and hence provide utilities with fewer incentives to reduce water losses. The effect of economies of scale and water loss reduction suggest that the larger the utility, the larger the water losses. This finding seems to deflect the importance of economies of scale. Yet, this finding is consistent with results on economies of scale found by among others Nauges and van den Berg (2008) and GonzalezGomez et al. (2012) that economies of scale are more evident in smaller companies and tend to decrease in relation to the size of the operation. This may be linked to the effect that a larger sized operation may have to deal with longer distances of water being transported and hence the likelihood of water losses increases.
Future Directions of Research
In view of the unobserved characteristics that we found, future research may focus on getting more insight in the variables that might be important but for which we did not have data available, such as topography, age of system 7 , soil conditions and the production capacity of the water supply system, whereas more data on energy volumes and prices and abstraction fees would be useful to get more detailed insight in the opportunity cost of water losses. It is especially important that a variable as production capacity is included in the data to be collected. As water consumption does not differ significantly between good and poor NRW performers; the same is not true for water production per capita where poor performers have a much higher per capita water production than good performers. Utilities tend to have an incentive to increase water production when the costs of repair exceed that of the cost of water production. Yet, in systems with large overcapacity, it is much easier to increase production at marginal costs than in systems where there is little overcapacity. Further research is also warranted on how engineering design standards affect water losses. Another element of research is linked to how different development stages affect the drivers of water losses. Water and wastewater services are provided according to a certain trajectory (starting with provision of water supply services and then increasingly higher quality forms of wastewater collection, treatment and disposal), while at the same time income increases affecting consumption patterns and tariffs. Hence, one may assume that this affects the significance of the different drivers of NRW over time. 
